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Introduction
1 The neoclassical growth model introduced in 1956 by Solow and Swan 2 proposes a negative relation between initial GDP per capita levels and the growth rate of the GDP per capita. This development is then referred to as β-convergence -in contrast to σ-convergence which is not treated in this study.
A number of studies have tested this hypothesis against real world data and found that it mostly holds only if regional differences between countries or regions are controlled for or if conditional instead of absolute convergence is considered. The first paper to perform an empirical analysis of the convergence process has been the seminal paper by Barro and Sala-I-Martin (1990) on convergence across the US. The only two studies considering convergence across the regions of the Russian Federation are by Solanko (2003) and Buccellato (2007) which, in contrast to their innovative nature, do not employ all available analytical tools and base their analysis on a very limited data set.
The present study does not try to simply replicate these previous studies with a more comprehensive set of data but also aims to offer a number of stability tests and answer a number of questions regarding the convergence process in the Russian Federation. One major question, i.e. the division of the data set into economically or politically motivated sub-sets, has already been mentioned by Buccellato (2007) but has not been pursued due to lack of usable data. This paper proceeds in three steps. The following second chapter begins with the convergence hypothesis being deduced from the general solution of the neoclassical growth model before specific regression models like the spatial lag and the spatial error model are introduced. This theoretical background is accompanied by a literature review of the most relevant studies and provides an overview of the most important strands of research. In the fourth and final part of chapter two, the implemented data set is discussed and some basic information on the geographical layout of the regions of the Russian Federation is given.
The third chapter contains the central analysis of this paper whereby in a first step the absolute and conditional convergence hypothesis is tested. As a number of tests point to the presence of spatial effects, all tests are repeated while controlling for regional effects in the context of a spatial lag and spatial error model. The third part of the third chapter presents kernel density estimates to test for the presence of potential convergence clubs. A convergence club is a group of regions with a common steady state for the regions inside the club but with different steady states across clubs. Adding to this analysis the results of Markov transition matrizes the applicability of quantile regression analysis is secured which is performed in the fourth part of the chapter.
The fourth and final chapter summarizes the results and concludes.
Background 2.1 Neoclassical Growth Theory
The neoclassical growth model starts with the development dynamics of the capital stock in period t, given as K t :
with I t as investments in period t and δ as the depreciation rate. The equilibrium condition I t = S t and the definition of the savings function as S(Y ) = sY t implementing a Cobb-Douglas-style production function with the input factors capital and labor in per capita terms 3 . Reformulating the resulting equation in per capita terms leads to the following Bernoulli difference equation:
Solving the equation for the stock of capital per capita results in:
Using the production function to calculate GDP per capita leads to:
Solving for the parameter C 0 under the starting condition that y(0) = y 0 leads to:
Inserting this result in equation (4) and taking the first derivative according to time t gives:
It becomes obvious that the growth rate of the GDP per capita is negatively dependent on the initial level of GDP per capita y 0 .
If this result is transferred to a testable regression model it reads:
whereby T is the length of the underlying timeframe and y i,0 and y i,T are the first and the last observations of the GDP per capita for region i respectively. This version is also the one implemented by Barro and Sala-IMartin (1990) and Buccellato (2007) . In the context of this study however, we want to exploit the panel structure of the available data set and therefore use the altered variant of the regression model as implemented for example by Badinger et al. (2004) , Arbia (2004) , or which can be summarized by the following equation:
whereby the term on the right hand side is the yearly growth rate of GDP per capita and y i,t is the level of GDP per capita at the beginning of the respective time period. The error term µ i can further be divided into regional fixed effects a i and a random factor i so that it reads µ i = a i + i . Furthermore, the coefficient α 1 can be broken down in the following way:
Here, β is the speed of convergence 4 . If the coefficient α 1 is statistically significant absolute convergence exists. For an insignificant coefficient the second step is testing for conditional convergence where specific parameters for the regions are held constant. This is achieved by adding k additional variables X k to the equation so that it reads:
4 It can be noted that the difference between α 1 and β is almost negligible up to a value of 0.3-0.4 for α 1 while it becomes significant for values larger than 0.5.
If the coefficient α 1 becomes significant while it has not been significant in the previous case, conditional convergence exists. The condition being the constancy of the variables X k .
Spatial Models
With serial autocorrelation, temporal lags of the dependent variable are causal to the development of the dependent variable itself. In contrast, with spatial autocorrelation, the spatial lags of the dependent variable are causal to its development. While in the case of serial autocorrelation the effect is motivated via the presence of path dependency, with spatial autocorrelation motivation usually stems from the idea of clustering or wavelike diffusion patterns.
In contrast to the one-dimensional temporal effects in the context of serial autocorrelation, spatial autocorrelation is an at least two-dimensional problem and thus needs a two-dimensional matrix -referred to in the literature and hereafter as the distance or weight matrix -to describe potential dependencies 5 . This matrix is also one of the biggest weaknesses of the spatial regression approach as it is on the one hand not stable regarding regional scaling and on the other hand it is very dependent on the geometry and geography of the underlying regions.
The two basic approaches to designing spatial weight matrices are firstly the neighborhood approach where the weight matrix contains a 1 at position (i, j) only if countries i and j are neighboring countries; all other entries are zero 6 . Secondly, in the distance matrix approach, the actual Euclidean distance between two regions is considered, whereby the distance is calculated as the distance between the capitals of both regions. Perret (2011) proposes an alternative to this procedure by using the economic output of all or at least the major cities in a region and calculating an economic center of gravity, with economic output being their mass, by considering the geographic location of the cities 7 .
In light of this short discussion, in this study the distance approach is implemented. In addition to the basic approach, the standardization procedure given by Tiefelsdorf et al. (1999) and Tiefelsdorf (2002) is applied to assure statistical stability of the weight matrix.
With selection of the spatial weight matrix W , three basic approaches to including spatial effects in the model are possible.
In the spatial lag model, a situation is considered where the output of nearby regions influences the output in the region under consideration. Thus the independent variable is influenced by its spatial lags and the respective regression equation reads as:
If the dependent variable is not influenced by its own spatial lags, but instead, in the context of conditional convergence, spatial lags of the conditioning variables influence GDP per capita growth, this type of model is referred to as a Durbin model. However, the present study will not specifically consider this type of spatial model.
Instead, the third type of model, the so-called spatial error model, is considered. In the spatial error model, in contrast to the spatial lag model, it is not the dependent variable whose spatial lags influence it but in this model spatial autocorrelation in the error terms is considered and thus the error term µ i changes to µ i = a i + I j=1 W i,j j + i 8 . Aside from the three discussed approaches to integrate spatial effect into a convergence analysis, it is also possible to use an approach whereby the Eigenvectors of a modified weight matrix are included in the regression equation. Eckey et al. (2007b) is one example where this approach is used. However, as with the Durbin approach, the Eigenvector approach is not considered in this study.
Literature Review
To list all publications on the topic of economic convergence could be considered an endeavor worthy of a study of its own, thus in this section we limit ourselves to a description of the main strands of research of economic convergence and where this study fits in.
In this context, Eckey et al. (2006b) and Jungmittag (2006) give a suitable first overview of studies executed with regard to the topic of economic convergence.
The division of studies regarding their orientation on specific regions can be seen as a first way to classify them. The study by Barro and Sala-I-Martin (1990) can be seen as the beginning of the research of economic convergence. It is primarily focused on the USA. Another paper focused primarily on the US is Rey and Montouri (1999) .
For the European Union some research approaches, such as Martin (2001), focus only on Eurozone countries, while others specifically include all EU countries or in some cases compare the EU 15 countries with the South Eastern member countries. Examples for both foci can be found in CuadradoRoura (2001), Herz and Vogel (2003) , Carrington (2003) , Enflo (2005) , Geppert et al. (2005), Bräuninger and Niebuhr (2005) , Carrington (2006) , Eckey et al. (2006a ) or Feldkircher (2006 .
A focus on the convergence process across regions of the European Union leads one to also consider the question of which factors influence the convergence process. With convergence the primary goal of European structural policy for over two decades the question arose of whether structural funds had any impact at all on the convergence process. This question is studied for example by Lall and Yilmaz (2000) or Cappelen et al. (2003) .
While most of these studies focus on regions as the unit of study, Barro and Sala-I-Martin (1991) is one of those studies that puts countries and the global convergence process into focus.
In contrast to the international perspective, there also exists a number of studies which focus on the convergence of the regions in only one country, e.g. for the EU there are the studies by Buscher et al. (1999) , Eckey et al. (2007a) for Germany and the study by De la Fuente (2002) for Spain. For Russia there are the two aforementioned studies by Solanko (2003) and Buccellato (2007) . Additionally, as Russia is considered a BRICS country and thus often compared to countries like India or China, the study by Ding et al. (2008) focusing on Chinese regional convergence could also be mentioned.
Aside from this geographical focus, it is also possible to classify convergence studies by the methods they implement. Aside from the purely cross-sectional regression approach without spatial effects there are studies that discuss a number of possibilities to introduce spatial effects. Traditional spatial econometrical approaches -the spatial lag and error modelas discussed in the previous section are implemented for example by Rey and Montouri (1999) , Rey and Dev (2006) , Fingleton (2003) or Le Gallo and Dall'erba (2006) . Related to this question of spatial correlation is also the study of cross-regional knowledge transfers, a line of thought taken up for example by De La Fuente (2000) .
A second approach is the use of kernel density estimation techniques to analyze whether the regions under consideration converge to only one steady state or if more than one steady state exists. This line of thought was taken up by Quah (1993) and further developed by Quah (1995) , Canova (2001) or Cantner and Graf (2004) .
Also, in contrast to the use of cross-sectional approaches over time and with the increasing availability regional data, panel approaches became more common as seen in Tondl (1997) , Badinger et al. (2004) , Arbia (2004) , or .
Aside from those mainly empirical studies, Galor (1996) developed a version of the neoclassical growth model that allows for a conditional convergence hypothesis to be deduced.
Data Sources
With the exception of the price level data, all data used in this analysis has been taken from the Russian regional statistical yearbooks Regionii Rossii published by Rosstat, the Russian statistical office. The Rosstat price levels have only been used from 2002 onwards as previous price levels are highly biased as shown by Gluschenko (2006) . Instead, regional price levels for 1998 and 1999 are taken from Surinov (1999) and are inter-and extrapolated for the missing years.
In this study, we consider 80 Russian regions whose general structure is more or less comparable to the status of the regional layout as of late 2011. It needs to be noted, however, that a change in 2012 led to a redistribution between the city of Moscow and the Moscow region. Additionally, the Russian occupied regions of Crimea and Sevastopol are not included in this study.
Analysis

Absolute and Conditional Convergence
In the first step of this study, the hypothesis of absolute convergence of GDP per capita across the regions of the Russian Federation is tested. In this context most of the following analyses are divided into seven parts. At first the full time frame from 1994 to 2013 is considered 9 . This time frame is then split into the periods of 1994-1999 and 2000-2013 . The first period not only 1994-2013 1994-1999 2000-2013 2000-2003 2004-2007 2008-2011 2012-2013 -2003 and 2004-2007 to represent the first and second terms of President Vladimir Putin, the sub-period 2008-2011 to represent the presidency of Dmitry Medvedev and the last period 2012-2013 to represent the first years of the third presidency of Vladimir Putin. Incidentally, this division also allows to check for effects of the global financial crisis which coincides mainly with the presidency of Medvedev. Due to issues of data availability, the effects of the economic sanctions, levied in the context of the Russian occupation of Crimea and the beginning of the conflicts in Eastern Ukraine, on convergence across Russia cannot yet be studied but remain as an interesting topic for future research. Table 1 summarizes the results regarding the absolute convergence hypothesis. Absolute convergence takes place in all periods except the years 2004-2011. However, if the coefficients are considered, starting with a coefficient of -0.3582 and thus a speed of convergence of β = 0.4435, during the transition years 10 the coefficient is steadily decreasing until it reaches a value of -0.0117 and thus a speed of convergence of β = 0.0118 in the period [2008] [2009] [2010] [2011] 11 . Therefore, although the coefficients are no longer significant, this results mainly from a decrease of the speed of convergence below some critical level and not so much from a real stop in absolute convergence. This finding is furthermore strengthened by the fact that the coefficients for the periods 1994-2013 as well as for 2000-2013 are highly significant 12 . Even more noteworthy, however, is that in the last period of 2012 and 2013 the speed of convergence picks up again with a significant coefficient of -0.1598 and thus a speed of convergence of β = 0.1741. From a certain empirical point of view this makes sense as during the transition years regions became increasingly similar due to a general rapid decrease in income, with a half-life of around 1.5 years the convergence process has been very fast and by the end of the transition phase differences were rather small and kept decreasing due to ongoing convergence thus leading to a natural decrease in the convergence speed.
Although, disregarding the used data-set, an increasing income gap -at least in nominal terms -already existed in Russia in the 1990s, it became even more severe during the last 25 years: Russia in 2016 ranks on a level with the USA or China regarding income equality. Additionally, even though the comments by Gluschenko (2004) and Gluschenko (2006) were taken into account and Russian GDP per capita numbers have been cleared of the biased price levels of Rosstat prior to 2002, the data for the transition years in particular and possibly also for the period of 2000-2003 might be considered at least slightly biased and results should be treated with due caution.
It is noteworthy though, that a decrease in income in nominal terms supposedly is reflected in the above results by a higher speed of convergence and vice versa.
In a second step of testing, the convergence hypothesis dummy variables for the specific time periods were introduced in the full model 13 . The severe increase in the coefficient to 0.4208 and thus a speed of convergence of β = 0.5461 shows that inherent differences across the sub-periods are the main source for the difference in convergence speeds. In this line it seemed only prudent to also consider the hypothesis of conditional convergence and thus hold constant essential drivers of regional growth. Table 2 summarizes the respective results 14 . Not only do convergence speeds increase but they also become more similar to each other thereby underlining that the differences between the sub-periods glimpsed from Table  1 are mainly due to the different resource and infrastructure endowments of the regions as well as differences in their integration in the global economy.
13 Results are summarized in Table 9 in the appendix. 14 Note that Solanko (2003) argues against the inclusion of both the SME share and an education variable (here the number of students). Arguments for both cases separately can be found in the literature, e.g. Fingleton et al. (2003) for the share of SME and De La Fuente (2000) for human capital and even Solanko (2003) includes each variable separately. Considering the results in Table 2 , the results by Solanko (2003) seem to hold here as well and the SME variable might be dropped from the regression. 1994-2013 1994-1999 2000-2013 2000-2003 2004-2007 2008-2011 2011-2013 
Spatial Effects
While the preceding approach controlled for a number of important regional characteristics, it did not control for the geographic layout of the Russian Federation and the distribution of the Russian regions across space. Tables 3 and 4 approach this problem by introducing a spatial lag term and a spatial error term, respectively. To differentiate spatial effects from region specific effects at first only the case of absolute convergence is reported. Here, spatial effects measured via the parameters ρ and λ, respectively, considerably influence the results and increase the speed of convergence. The results for the spatial lag and spatial error design yield more or less comparable results. These results, however, are not surprising as preliminary tests on the presence of spatial effects within the model, as reported in Table 5 , clearly indicate the presence of spatial effects and motivate the use of the spatial lag as well as the spatial error model.
If, in a final step, the conditional convergence model is estimated as a spatial lag or a spatial error model, respectively, as reported in Tables 6 and  7 , the results mirror those of the absolute convergence case, however with somewhat larger coefficients and thus convergence speeds.
Summarizing these results, starting with a relatively fast speed of convergence during the transition years the convergence speed consistently decreased until the presidency of Medvedev only to slightly increase again during the third term of President Putin. However, referring to the last two Table 7 : Regression Results -Spatial Error Model -Conditional Convergence tables, significant convergence actually only takes place during the transition years and during the first term of President Putin. In the other periods the speed of convergence no longer remains significant. This development is only partially mirrored in reality where during the transition years all regions suffered comparably due to the transition shock and were thus reduced to comparable levels. During the first term of President Putin, a general growth of income occurred that effected the poorer regions relatively more than the already richer regions.
In the years since 2003, tendencies of divergence among the regions became increasingly stronger thus reducing the speed of convergence. At this point it should be stressed that this study implements real GDP per capita numbers and thus real exports, imports and FDI numbers. If nominal numbers were used, the results might be considerably different.
Kernel Density Estimation
In the previous section, the convergence hypothesis has been tested for the whole of the Russian Federation at once. In contrast, in this section we are analyzing whether there exist groups of regions within the whole of Russia that are each converging to their own steady state, thus, following the notation of other papers on this topic, we test for the presence of convergence clubs.
In this section, a kernel density estimator has been applied to the GDP per capita growth numbers thus approximating the density function of GDP per capita growth 15 . -1994-2013 (left) and 1994 (right) The left part of Figure 1 shows the results for the full time frame from 15 The implemented kernel density estimator used a Gaussian kernel and the optimal bandwidth is calculated from the standard deviation and the interquartile distance.
1994-2013. The results give rise to the assumption of the existence of two distinct convergence clubs, however, the second convergence club, around a mean of -2, would be much less important than the main one with a mean of around zero. To test the validity of this assumption, the time frame is split into one year intervals starting with the right part of Figure 1 which reports on the kernel density distribution of 1994, through Figures 2, 3 and 4 and kernel density estimations for the years 1997, 2000, 2003, 2006, 2010 and 2013, respectively . This allows to illustrate any temporal shifts in the distribution and to see if the presence of a second convergence club holds steady. that around 2010, and thus following the global financial crisis, a second low growth convergence club began to form. Summarizing the results from these figures, for most of the considered time frame Russia reported only a single convergence club and thus convergence happened uniformly across the regions of the Federation according to the dynamics shown in the previous chapter. It furthermore shows that over the two decades analyzed herein a general leftward shift of the density function has taken place which translates into overall lower growth rates over the years. This also coincides with the results from the previous section where the speed of convergence generally decreased over time. Only the most recent results hint at the rise of a second convergence club and thus a split in overall growth dynamics. This might be a possible explanation for the returned increase in the speed of convergence witnessed for the period of 2012 and 2013. While this development certainly requires a deeper analysis, we judge the time too early, especially regarding the recent economic developments in the Russian Federation, to perform this type of analysis as part of the present study and expect stable results.
Quantile Regression Analysis
As a final step of this study, a quantile regression approach is selected to account for temporal and spatial dynamics at the same time and assure overall stability of the convergence results.
As a first preceding analysis, a Markov transition matrix is calculated for the change from the years 1994 to 2013. The matrix reports on a quartile basis the changes in the growth rates of the GDP per capita 16 . Table 8 illustrates this type of Markov transition matrix. Roughly two thirds of all the regions remain in their original quartile, proving that some, but no significant, change is taking place among the regions. While these results could be more pronounced, they are still suitable enough and complement the results from the previous section. As the matrix measures the change from 1994 to 2013, it seems reasonable to assume that the rise of a second possible convergence club starting in 2010 might have impacted the results summarized in the matrix. They also validate the use of quantile regression analysis and allow for a sensible interpretation of the results thereof. Figure 5 illustrates the results of quantile regression analysis. The left part reports the development of the slope parameter and thus the speed of convergence across all quantiles while the right part reports the development of the intercept. Across all quantiles the speed of convergence remains nearly constant. Thus, there is no significant cross-temporal and cross-regional difference in the speed of convergence. The slight linear increase of the slope parameter in the lowest quantiles could be considered a reflection of the second possible low-growth convergence club.
Returning to the data, it therefore seems to be the case that growth and thus convergence dynamics in the worst-off regions, regarding real GDP per capita growth, are slightly different from the rest of Russia.
While this mirrors the results of the previous section, it is somewhat in contrast to the results of the traditional convergence analysis where significant differences between the different time periods exist 17 . Considering that each of the quantiles is basically a set of the observations for three to five regions, due to rather few shifts between quartiles as shown via the Markov matrix, it can be assumed that temporal dynamics do not really influence the results of the quantile regression and these results can be seen as an analog to the kernel density estimations of the previous section and thus a cross-regional counterpart to the traditional cross-temporal analyses of the first part of this chapter.
Finally, it is interesting to note that the average coefficient in this case is rather similar to the one calculated for the full time frame in the spatial conditional convergence model motivating an overall speed of convergence of 25% to 30% across all quantiles and thus all regions.
Conclusions
In the present study the focus has been on the development of regional GDP per capita in the Russian Federation in the years 1994 to 2013. In this context, in addition to testing the traditional spatial and non-spatial absolute and conditional convergence hypothesis, it has been tested whether the convergence speeds and the respective steady states remain stable across regions and across time. While until 2011 the speed of absolute convergence has steadily declined as such, the steady state remains the same singular one for all regions of the Federation. Only in recent years, i.e. after the financial crisis, a potential second steady state arose whose importance, however, remains very limited.
Using quantile regression, the results gained from conditional convergence analysis have further been strengthened as the speed of convergence remains nearly constant across all 5% quantiles.
While during the 1990s the development in real terms as analyzed herein has been a positive one insofar as regions converged rather fast, in nominal terms it can be seen that this basically meant that regions shrank to comparably low levels of income. Contrarily, in the years since 2000, especially during the early years 2000-2003, a real upward convergence process has taken place. This development is only achieved again in the years since 2012. However, in light of economic sanctions, the occupation of Crimea and the formation of the Eurasian Union, all events that took place after the analyzed time frame, it is very hard to come up with suitable policy recommendations that would still remain valid in light of more recent developments.
It can just be said that until 2011 Russia followed a path of convergence that only got disrupted by the time of the third presidency of Vladimir Putin when convergence took up again. What exactly triggered this increase in convergence speed remains a question for future research; whether it has been due to a change in the overall steady state -a possible scenario considering the kernel density estimation results for 2000 and 2013 -, or a switch in the direction of convergence -more likely due to a decrease in oil prices since 2011 -or due to as of yet unknown factors remains to be seen. 
